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INTRODUCTION
Poult enteritis and mortality syndrome (PEMS) has emerged as the most costly of the diseases affecting the production of turkeys. Afflicted poults suffer from severe diarrhea and dehydration, anorexia, and weight loss and high rates of mortality when younger than 6 wk of age (Barnes et al., 1996; Edens et al., 1997a,b; Qureshi et al., 1997) . With PEMS induction, the afflicted poults begin to huddle as if they are cold and crowd together in the corners of the brooder barns to reduce body cooling from air drafts. Furthermore, litter moisture increases, presumably in association with severe diarrhea, and appears to be associated with increased severity of the disease. Litter moisture was addressed briefly by Edens et al. (1997a) , who noted it was necessary to have a high level of litter moisture to exacerbate an experimental enteritis caused by Escherichia coli strains found to be associated with PEMS. In an effort to better characterize the role of environmental factors in the development of PEMS, an experiment was conducted to ascertain the interaction between litter moisture and brooding temperature.
MATERIALS AND METHODS

Animal Welfare
This project was approved and conducted under the supervision of the North Carolina State University Animal Care and Use Committee, which has adopted Animal Care and Use Guidelines governing all animal use in experimental procedures.
Poults and Husbandry
British United Turkey poults from a commercial hatchery were obtained and transported to North Carolina State University where they were wing-banded and weighed before placement on pine wood shavings-covered floors in controlled environment isolation rooms. The poults were not subjected to hatchery services such as beak or claw trimming, antibiotic administrations, or vaccinations. Feed and water were provided in plastic containers for ad libitum consumption. Continuous lighting was provided by incandescent lamps in the ceiling of each room. At the time of placement, the poults were assigned to eight different treatment groups, which included combinations with and without PEMS infection, high and low litter moisture, and high and normal brooding temperature utilizing a 2 × 2 × 2 factorial arrangement of treatments with 80 poults per treatment.
Brooding Temperatures
Initial room ambient brooding temperatures were set at either a normal 34 C (NrB) or high 38 C (HiB) temperature, and these temperatures were decreased by 3 C each at 7 d and 14 d of brooding. Final brooding temperatures at 21 d of age were 28 and 32 C, respectively, for the NrB and HiB brooding temperature groups.
Litter Moisture
At placement, the pine wood shavings were determined to have 9% moisture as determined by gravimetric analysis of several 100-g samples. Litter moisture can be higher than 25% without overt problems (unpublished data), but in this study, litter moisture was not allowed to increase beyond the 20% level for the LoM group. In earlier studies, Edens et al. (1997a,b) observed that litter moisture, artificially raised to greater than 40%, was necessary for exacerbation of an E. coli infection that appeared to mimic fulminating field cases of PEMS. Therefore, the high moisture (HiM) litter treatment was chosen to be 40% or greater. In order to achieve the LoM and HiM levels, litter samples were dried overnight for determination of moisture content. On the following day, the litters in the pens were mixed and random samples of equal volumes (in a loosely packed 500-mL beaker) were weighed. Based upon the gravimetric analysis, tap water was applied via a medium spray to the HiM litter. This was followed by another weighing of mixed litter samples of known volume, and a weight to volume ratio was used to approximate litter moisture of at least 40%. (Litter moisture was never higher than 46% or less than 40% in the HiM treatment after the initiation of the study.) Following a similar procedure, additional fresh litter was added to the LoM litter treatments with known moisture content to adjust the moisture content back to 20% or less (LoM range 17 to 20%). This process was repeated every other day during the study.
Room Ventilation
Room ventilation was fixed at eight complete air exchanges per hour in each room. Pen locations within the individual rooms were chosen to be similar to pen placements in all other rooms to avoid the influence of pen location by ventilation interaction.
PEMS Challenge
At 5 d of age, a total of 32 poults (8 from each of four rooms with 80 poults) from the groups to be challenged with PEMS were removed randomly and were taken to the College of Veterinary Medicine. These poults were placed in pens containing poults with a documented PEMS disease for a period of 16 h (overnight), and these "seeder" poults were returned then to their respective rooms to induce PEMS infection (I). Control (C) poults were not removed from their respective rooms.
Measurements
Body weights were determined at placement and at 7, 14, and 21 d of age. Beginning at 8 d of age, data were collected for organ weights every 3 d until the poults reached 21 d of age. At each 3-d interval, two poults per treatment were killed by carbon dioxide asphyxiation, and they were dissected for determination of relative weights (g/100 g BW) of the bursa of Fabricius, thymus, and spleen. Mortality was observed and deaths were recorded daily as necessary.
Analysis of Data
All data for BW and relative weight of lymphoid organs were subjected to analysis of variance using the general linear models procedure of SAS ® (SAS Institute, 1990). Total percentage mortality for the treatment groups were transformed to arc sine square root percentages, which were then subjected to Student's t test analysis using the procedures of SAS ® (SAS Institute, 1990). Statements of significance are based on P ≤ 0.05.
RESULTS
There was a significant interaction between litter moisture and brooding temperature in which I poults on HiM had lower BW than poults brooded on LoM (Table  1) . Furthermore, it was noted that HiB I poults had greater BW when grown on LoM, but these effects were not noted in C poults (Table 1 ). The BW responses to the main effects of PEMS and environmental manipulations (brooding temperature and litter moisture) are presented in Table 1 . There was a significant depression in BW noted in the I poults as soon as 7 d of age (i.e., 2 d after PEMS challenge), and the differences between C and I poult BW increased from 7 through 21 d of age. The brooding temperature main effect was not significant, but there was a significant litter moisture effect on BW.
Relative organ weight responses to PEMS and environmental manipulations are presented in Table 2 . Exposure to PEMS caused a significant depression in Mortality of I poults was significantly greater than that of the C poults (Table 3 ). The litter moisture main effect for mortality was not significant, but mortality was reduced significantly by HiB. Within the I groups, the LoM/HiB group experienced the lowest PEMSrelated mortality (13.8%) compared to a 30% mortality for poults in the HiM/HiB group, 46.3% mortality in the HiM/NrB group, and 61.3% mortality in the LoM/NrB group. 
DISCUSSION
Little has been published concerning the interaction among litter moisture, brooding temperature, disease, and productivity in turkeys. Results from this investigation indicated that brooding temperature exerted a greater influence on livability than did litter moisture. Newberry (1993) reported that cool brooding of turkeys was associated with a faster litter moisture increase than warm brooding but found that there was little association with breast button or pododermatitis development. However, Martland (1984) found a positive association between high litter moisture and pododermatitis. Inadequate ventilation and high density rearing can lead to a rapid increase in litter moisture in turkey houses (Anderson et al., 1964) . Litter moisture was shown to rise from a low level of about 2% at the time of placement to a high of more than 40% by 4 wk of age (Anderson et al., 1964) . Coleman and Leighton (1969) indicated that the addition of dry litter to pens with high litter moisture acted to inhibit disease outbreaks and noted that there were fewer mortalities when turkeys were grown on litter with lower moisture.
Although ammonia levels were not determined in the rooms with HiM for both C and I groups in this study, atmospheric ammonia concentrations were offensive for the animal care takers. In field reports, it has been noted that litter moisture increases in association with diseaserelated diarrhea during the development of PEMS (unpublished data). It is not uncommon to find high concentrations of barn-associated ammonia with the outbreak of the disease, and these developments occur at a time when mortality due to PEMS rises rapidly on a daily basis. Anderson et al. (1964) pointed out that, when litter moisture increased above 25%, the ammonia and carbon dioxide levels also increased significantly. It has been shown that increasing ammonia levels due to wet litter are associated with increased respiratory disease due to E. coli and other bacterial infections (Oyetunde et al., 1978) , with stress as indicated by increased heart and respiratory rates and tracheal hemorrhages (Carlie, 1984) , and with decreased feed intake and subsequent stunting (Deaton et al., 1986) . Veltman et al. (1984) indicated that increasing litter moisture and age was associated with increasing numbers of mesophilic bacteria and extremely high coliform counts in the litter, but this was not associated with increased mortality.
Under normal brooding conditions, it has been recommended that temperature under brooders be at least 38 C and that room temperature be no less than 22 to 26 C (Kerfoot, 1997) . In this study, HiB, which maintained room temperature at 38 C for the 1st week, reduced PEMS-associated mortality. In treatments with HiB, less huddling and crowding were observed than in treatments in which NrB was applied.
During the development of PEMS, poults are usually no longer contained in brooder rings, and when clinical signs appeared, the afflicted poults begin to crowd together and die from asphyxiation (Edens and Doerfler, unpublished observations) . Edens and Doerfler (unpublished observations) observed body temperature depression in PEMS-infected poults, and that depression appeared to coincide with the first spikes in mortality associated with PEMS. The body temperature depressions were long-lasting and were associated with impaired metabolism of glucose due to 1) malabsorption of glucose in the intestine and reduced glucose uptake by the hepatocyte (Edens and Doerfler, 1997) , 2) reductions in thyroxine and triiodothyronine (Edens and Doerfler, unpublished observations) , and 3) an increase in glucagon without corresponding hyperglycemia in PEMS-challenged poults (Edens and Doerfler, unpublished observations) . Therefore, increased brooding temperature for PEMS-infected poults appeared to reduce mortality by correcting the hypothermia induced during PEMS, which leads to less crowding and consequent asphyxiation. Furthermore, increased brooding temperature would be beneficial to the PEMS-infected poults that appear to revert to a poikilothermic condition. Under higher brooding temperature conditions, assimilation of environmental heat would partially offset the PEMS-infected poult's dependence on gluconeogenesis from muscle protein degradation for energy metabolism.
Body weight responses were influenced negatively by PEMS challenge and influenced positively by HiB and LoM. The I poults at 21 d of age in the LoM/HiB treatment combination weighted 113 g more than I poults exposed to HiM/NrB. These observations imply that high litter moisture with NrB can possibly affect the litter bacterial loads via fermentation processes that are known to occur in various litter materials, including pine wood shavings (Veltman et al., 1984; Edens, 1996) . However, there were significant reductions in PEMSrelated lymphoid organ relative that were not alleviated by either HiB or LoM. This observation implied that the etiologic agent(s) causing PEMS are not dependent entirely upon environmental conditions such as ambient temperature or litter moisture, but the data also suggest that some environmental conditions (i.e., NrB and HiM) exacerbate the effects of the PEMS. It was concluded that higher brooding temperature with establishment of a litter moisture management program would be a beneficial intervention strategy in the brooding of turkey poults that may be at risk for PEMS exposure.
